Award Number: W81XWH-16-1-0664

TITLE: Autologous Hematopoietic Stem Cell Transplantation to Prevent Antibody-Mediated Rejection after
Vascularized Composite Allotransplantation

PRINCIPAL INVESTIGATOR: Dr. Gerald Brandacher

CONTRACTING ORGANIZATION: Johns Hopkins University
Baltimore, MD 21218-2680

REPORT DATE: October 2017

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision
unless so designated by other documentation.



REPORT DOCUMENTATION PAGE OME N BoonoL8s

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED

October 2017 Annual 15 Sep 2016 — 14 Sep 2017
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Autologous Hematopoietic Stem Cell Transplantation to Prevent Antibody-Mediated 5h, GRANT NUMBER

WEIXWH-16-1-0664

Rejection After Vascularized Composite Allotransplantation

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Dr. Gerald Brandacher 5e. TASK NUMBER

5f. WORK UNIT NUMBER
E-Mail: grbranda2@jhmi.edu

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

Johns Hopkins University
Baltimore, MD 21218-2680

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)

U.S. Army Medical Research and Materiel Command

Fort Detrick, Maryland 21702-5012 11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The investigators successfully performed initial control experiments in unsensitized animals applying the proposed induction and
maintenance immunosuppressive regimen to assess its safety and feasibility for maintaining VCA allograft survival in this model.
Successful VCA (i.e. swine heterotopic hind limb) transplantation was performed across a full SLA mismatch from a CC donor to an AD
recipient animal. The animal was treated with non-myeloablative total body irradiation and thymic irradiation two days prior to
transplantation and with continues calcineurin inhibitor-based immunosuppressive maintenance therapy using tacrolimus at target trough
levels of 10-20 ng/ml for 30 days.

15. SUBJECT TERMS
vascularized composite allotransplantation, sensitization, autologous hematopoietic stem cell transplantation, antibody mediated rejection,
donor specific antibodies

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC
a. REPORT b. ABSTRACT c. THIS PAGE 12 19b. TELEPHONE NUMBER (include area
3 3 3 Unclassified cade)
Unclassified Unclassified Unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




Table of Contents

Page

INEroduction.......o.ee ]
C KeYWOrdS. ..ol L
- AcCompPliSNMENTS.......ooi el
S Impact. ..
. Changes/Problems....... ... 8
c PrOTUCTS. .. e 9
. Participants & Other Collaborating Organizations................... 9
. Special Reporting Requirements...........ccoovve i iii i, 9

c APPENAICES. .. et 9



W81XWH-16-1-0664:

Autologous Hematopoietic Stem Cell Transplantation to Prevent Antibody-Mediated
Rejection after Vascularized Composite Allotransplantation

PI: Gerald Brandacher, MD

1. INTRODUCTION

For many devastating combat injuries where conventional reconstruction is not possible,
Vascularized Composite Allotransplantation (VCA) has become a viable alternative. This
approach provides new, exciting options for Wounded Warriors that could restore appearance,
anatomy, and function better than other available treatment options. However, clinical
management of these injuries prior to transplantation frequently requires multiple blood
transfusion or skin grafts resulting in the formation of alloantibodies (anti-HLA 1gG Abs) and
sensitization. In solid organ transplantation (SOT), such pre-sensitization is the greatest risk factor
for allograft rejection and long-term graft failure, and causes patients to be excluded as candidates
for transplantation. However, the role of donor-specific antibodies (DSA) and mechanisms of
antibody-mediated rejection (AMR) in VCA are largely unknown. Thus, there is an imminent need
to develop a better understanding of the mechanisms related to DSA and AMR after VCA as well
as to implement novel clinically relevant desensitization protocols that would be applicable to a
cadaveric donor setting.

The objective of this project therefore is to comprehensively investigate the mechanisms and
impact of pre-existing and de-novo DSA and AMR in VCA and to develop a clinically relevant
desensitization protocol that will subsequently broaden the population of sensitized patients
eligible for reconstructive transplantation. The investigators will test their central hypothesis that
that the impact and mechanisms, of AMR in reconstructive transplantation as well as the cadaveric
donor setting will require specifically tailored desensitization strategies and treatment regimens in
order to improve access and outcomes for highly sensitized VCA candidates in a pre-clinical large
animal model.

2. KEYWORDS
vascularized composite allotransplantation, sensitization, autologous hematopoietic stem cell
transplantation, antibody mediated rejection, donor specific antibodies

3. ACCOMPLISHMENTS

The group obtained approval for the proposed project from both the Institutional Animal Care and
Use Committee (IACUC) at Johns Hopkins University as well as the Animal Care and Use Review
Office (ACURO) of the Department of Defense.

During year one of this project successful VCA (i.e. swine heterotopic hind limb) transplantation
was performed across a full SLA mismatch from a CC donor to an AD recipient animal. The
animal was treated with non-myeloablative total body irradiation and thymic irradiation two days
prior to transplantation and with continues calcineurin inhibitor-based immunosuppressive
maintenance therapy using tacrolimus at target trough levels of 10-20 ng/ml for 30 days.



A. Major Goals

The major goals of this project for Year 1 as stated in the approved SOW were:

Major Task 1: Identify the role of presensitization, DSA, and mechanisms of AMR in VCA

e Subtask 1.1- Receive Institutional Animal Care and Use Committee (IACUC) and DoD

Animal Care and Use Review Office (ACURO) approval

e Subtask 1.2 - Perform swine heterotopic hind limb transplantation (Groups 1, 2); monitor
kinetics of circulating DSA (flow cytometry) in sensitized recipients after VCA, and
characterize DSA (IgG) and C3d/C4d deposition (immunofluorescence) in tissue
components of VCA

e Subtask 1.3- Evaluate histopathological changes (H&E) and inflammatory infiltration
(IHC or IF for CD3, CD4 and CD8 (T cells), ED1 (circulating macrophages), ED2 (resident

macrophages), CD19 (B cells) in pre-sensitized VCA recipients

Major Task 2: Identify the role of de-novo DSA and impact on AMR in VCA

e Subtask 2.1- Perform swine heterotopic hind limb transplantation (Group 3), monitor
kinetics of circulating DSA (flow cytometry) in sensitized recipients after VCA, and
characterize DSA (rat 1gG) and intragraft C3d/C4d deposition (immunofluorescence)

Table 1: Progress against the SOW

Task Start Date | End Date | % Complete | Comments
Subtask 1.1 September | February 100
2016 2017
Subtask 1.2 February May 33% Due to the lack of available animals
2017 2017 for transplant from the vendor at
MGH/Columbia progress has been
delayed
Subtask 1.3 May July 33% Due to the lack of available animals
2017 2017 for transplant from the vendor at
MGH/Columbia progress has been
delayed
Subtask 2.1 July August 0% Due to the lack of available animals
2017 2017 for transplant from the vendor at
MGH/Columbia progress has been
delayed

B. Accomplishment of Goals

Subtask 1.1- Receive Institutional Animal Care and Use Committee (IACUC) and DoD Animal

Care and Use Review Office (ACUROQO) approval




The major activity under Task 1A was to establish an IACUC and ACURO approved animal
research protocol. The specific objectives of this task were met by the approval of both the
IACUC and the ACURO protocols, allowing the VCA Laboratory to perform the proposed in-
vivo transplantation experiments.

Subtask 1.2 - Perform swine heterotopic hind limb transplantation (Groups 1, 2); monitor Kinetics

of circulating DSA (flow cytometry) in sensitized recipients after VCA, and characterize DSA

(1IgG) and C3d/C4d deposition (immunofluorescence) in tissue components of VCA

Induction VCA
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Figure 1: Treatment regimen of the recipient animal

Successful  VCA (i.e. swine
heterotopic hind limb)
transplantation was performed
across a full SLA mismatch from a
CC donor to an AD recipient
animal. The animal was treated
with non-myeloablative total body
irradiation and thymic irradiation
two days prior to transplantation

and with continues calcineurin inhibitor-based immunosuppressive maintenance therapy using

Furthermore, on the day
of transplantation a
central venous access
catheter was placed to
allow for continuous
treatment as well
sampling of whole blood
to obtain peripheral
blood mononuclear cells
(PBMCs) and serum.
Animals were monitored
clinically and photo
documentation of the
VCA allograft was
performed (Figure 2).
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Figure 2: Clinical photos of skin component of VCA graft
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Figure 3: Tacrolimus dose and trough blood levels ng/ml.

Furthermore, to determine baseline alloreactivity amongst donor and recipient we performed in-
vitro mixed lymphocyte reactions (Figure 4) indicating a viable donor-specific proliferative
response of recipient CD4 positive T cells.
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/\ /\\j\ ] 35 post
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Figure 4: Mixed lymphocyte reaction (MLR) showing donor hypo-responsiveness

Subtask 1.3- Evaluate histopathological changes (H&E) and inflammatory infiltration (IHC or IF
for CD3, CD4 and CDS8 (T cells), ED1 (circulating macrophages), ED2 (resident macrophages),
CD19 (B cells) in pre-sensitized VCA recipients

Skin biopsies were taken on POD 0, 7, 14, 30 and fixed in 10% PFA and embedded in paraffin for
downstream analysis (Figure 5). Figure 6 shows examples of immunohistochemistry stainings to
assess CD3 T cells, CD20 B cells, and Foxp3 regulatory T cell infiltration in the skin component
obtained with the protocols that were established by the investigators. Furthermore, assays to
investigate and quantitatively analyze the repopulation of T cells, B cells, and Mono/Granulocytes
were established over the past several by using antibody staining and flow cytometry. In addition,



assays to detect donor derived cells using Porcine Allelic Antigen (PAA) were optimized during
this reporting period (Figure 7).

Figure 5: Histological photos of skin biopsy in VCA graft

“CD3Tcells TG cells  Foxp3Tecells
Figure 6: Immunohistochemistry staining for CD3 T cells, CD20 B cells and Foxp3 regulatory T
cells in the skin component of heterotopic hind limb transplant recipients.
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Figure 7: Representative gating strategies for PBMCs’

repopulation and PAA-based chimerism analysis.
and donor derived PAA™ cell detection

Significant results or key outcomes

The investigators successfully performed initial control experiments in unsensitized animals
applying the proposed induction and maintenance immunosuppressive regimen to assess its safety
and feasibility for maintaining VCA allograft survival in this model. Unfortunately, due to the lack
of available animals from the breeder at MGH/Columbia no further transplants could be performed
(see detailed explanation below).



Given the lack of available animals for transplant the investigators optimized in vitro assays and
methodologies such as mixed lymphocyte reaction, immunohistochemistry staining for T, B and
regulatory cells, detection of donor specific antibodies, detection of PBMCs’ repopulation and
donor derived chimerism.

Other achievements
C. Training and Professional Development

The completion of Task 1 of the SOW has provided the PI’s with the opportunity to solidify the
training of the involved research fellows with regards to optimizing both microsurgical technique
(swine heterotopic hind limb transplantation model) as well as advanced in-vitro assays for the
assessment of donor-specific response.

D. Result Dissemination
Nothing to report
E. Future plan

The plan for the upcoming year is to complete the transplants proposed in the SOW for Subtasks
1 and 2 as soon as additional animals will be available from the breeder in an expedited fashion
and to continue with the experiments as outlined by the SOW for year 2.

4. IMPACT
A. Impact on the Development of the Principal Discipline(s) of the Project

The development of specifically designed animal models as proposed in this study will be a
prerequisite to pave the way to the acquisition of the lacking DSA and AMR data indispensable to
the further advancement of field of VCA. The insights gained from this project will lead to a better
understanding of the molecular and pathological sequelae of DSA and AMR in VCA. This will
bring us closer to developing specific, targeted, and clinically applicable treatment modalities for
AMR. In particular, the use of autologous HSCT as a novel, rapidly translatable desensitization
approach will have a significant impact on our discipline and will allow us to successfully perform
VCA in highly sensitized patients who otherwise would be excluded as candidates for
transplantation.

B. Impact on Other Disciplines

A Dbetter understanding of DSA and AMR in VCA, along with the development of clinically
applicable desensitization protocols, will not only contribute greatly to the advancement of the
field of reconstructive transplantation but also be applicable to other types of solid organ
transplantation to enable desensitization in a cadaveric donor setting.



C. Impact on Technology Transfer

Nothing to Report

D. Impact on Society beyond Science and Technology

Nothing to Report

5. CHANGES/PROBLEMS

Nothing to Report

A. Changes in Approach and Reasons for Change

Nothing to Report

B. Actual or Anticipated Problems or Delays and Actions or Plans to Resolve Them

We have been experiencing significant delays in getting started with Major Task 1 and 2 due to
limited animal availability from the breeder at Massachusetts General Hospital (MGH). This has
been due to the fact that personnel and subsequently large parts of the breeding herd have been
relocating from MGH to Columbia University. However, over the past couple of months, we have
made significant progress in defining the source and origin of swine from MGH/Columbia
University and initiated specific breeding efforts to meet our demands for this study. As stated
above, initiatives are underway to assure continued access to the animals. Based on several phone
conversations with Dr. David Sachs and the staff from the breeding facility it is expected that
animals will be available later this fall.

To carefully address the specific needs of the experiments (SLA type, PAA+, gender, size, age) as
outlined by the SOW specific breeding pairs to allow for reproducibility are required and the
investigators have been assured that those will be provided for this project. Based on latest
conversations the animals required for this project are currently actively bred. As our team has
extensive experience with the proposed large animal experiments we don't foresee any additional
issues in order to accelerate the pace of the proposed transplants and thereby make up for the
experienced delays thus far.

Moreover, kinetics of donor specific antibodies formation and immunohistopathological studies
are pending and we are awaiting to collect more samples to process and analyze.

C. Changes that had a Significant Impact on Expenditures
Nothing to Report

D. Significant Changes in Use or Care of Human Subjects, Vertebrate Animals, Biohazards,
and/or Select Agents



Nothing to Report

6. PRODUCTS

Nothing to Report

7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS
No changes

B. Changes in the active other support of the PD/PI(s) or senior/key personnel since the last
reporting period

Nothing to Report
C. Other organizations involved as partners

Nothing to Report
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